Oligodendrocyte precursor cells (OPCs) are responsible for spontaneous remyelination 30 after a demyelinating lesion. They are present in large parts of the mouse and human 31 central nervous system, both during development and in adulthood, yet how their 32 physiological behaviour is modified throughout life remains largely unknown. 33 Moreover, the activity of adult human OPCs is still not fully understood. Significantly, 34 most of the molecules involved in OPC-mediated remyelination are also involved in 35 their development, a phenomenon that may be clinically relevant. In this article, we 36 have systematically analyzed the intrinsic properties of OPCs isolated from the cerebral 37 cortex of neonatal, postnatal and adult mice, as well as those recovered from 38 neurosurgical adult human cerebral cortex tissue. We also analyze the response of these 39 cells to two molecules that have known effects on OPC biology during development and 40 that are overexpressed in individuals with Multiple Sclerosis (MS): FGF2 and anosmin-41 1. By analyzing intact OPCs for the first time with H-1 HR-MAS NMR spectroscopy, 42 we show that these cells behave distinctly and that they have different metabolic 43 patterns in function of their stage of maturity. Moreover, their response to FGF-2 and 44 anosmin-1 differs in relation to their developmental stage and in function of the species. 45 Our data reveal that the behaviour of adult human and mouse OPCs differs in a very 46 dynamic way that should be considered when testing drugs and for the proper design of 47 effective pharmacological and/or cell therapies for MS. 48 KEYWORDS 49 oligodendrocyte, myelin, Multiple Sclerosis, human, remyelination. 50 ABBREVIATIONS 51 CNS: Central nervous system 52 DMEM: Dulbecco's Modified Eagle's Medium 53 ECM: extracellular matrix 54 FBS: Fetal Bovine Serum 55 HRMAS: high-resolution magic angle spinning 56 MS: Multiple Sclerosis 57 OPC: Oligodendrocyte precursor cell 58 59 Oligodendrocyte precursor cells (OPCs) are the sole source of oligodendrocytes, the 60 myelin-forming cells in the central nervous system (CNS), and they are widely 61 distributed throughout both the gray and white matter [1-5]. The vast majority of mature 62 oligodendrocytes are born during postnatal life but in adults, oligodendrocytes can also 63 be generated from OPCs that continue to divide and generate new-myelinating cells 64 during adulthood [5-11]. In the adult brain, OPCs constitute 2-3% of the cells inthe 65 gray matter and 5-8% in the white matter [1]. These cells are maintained as a resident 66 population by self-renewal, representing the main proliferative cell type outside the 67 neurogenic regions of the CNS [1,7,12,13]. However, the adult OPC population is not 68 homogeneous as OPCs cycle less intensely with age, their proliferation rate is higher in 69 the whiter matter than in the grey matter, and their differentiation rate declines 70 progressively in postnatal and adult life [1,5,8-11,14,15]. Although the functions of 71 adult-born oligodendrocytes remain largely unclear, they apparently maintain 72 physiological oligodendroglial homeostasis and under pathological circumstances, they 73 mediate long-term repair in the white matter after injury and disease, even in MS where 74 they can partially restore the lost myelin sheaths [16,17]. In demyelinating diseases, 75 there is an up-regulation of different molecules in the microenvironment in and around 76 the lesions, including several factors that are important for developmental 77 oligodendrogliogenesis, such as secreted semaphorins, growth factors, mitogens and 78 adhesion molecules [18-24].
INTRODUCTION
Purified OPCs were seeded on poly-L-lysine and laminin coated coverslips (20,000 226 cells/coverslip), and FGF2 (20ng/ml; R&D Systems) or CT CHO or A1-expressing 227 CHO cell extracts (0.1 mg/ml, see above) were added in BS medium. After 42 hours in 228 culture, a BrdU pulse (6 hours) was administered and 24 hours later, the cells were fixed 229 for immunocytochemical detection of BrdU and Olig-2, as described previously [27] . 230 Finally, 10 random fields per coverslip were photographed under a Leica microscope 231 using a 20X objective and the data were expressed as the percentage of proliferating 232 OPCs relative to the controls (±s.e.m.) considered as 100%.
233

H-1 HR-MAS NMR spectroscopy of OPCs
234
H-1 HR-MAS NMR measurements were performed on a Bruker spectrometer operating 235 at 9.4 T (proton Larmor frequency of 400.14 MHz). The spectra were acquired at 4 ºC 236 to minimize the effect of temperature on cell stability during the acquisition time and to 237 reduce the variations in some amino acids [42] . Sample spinning at the magic angle was 238 applied at a speed of 2.4 kHz. The acquisition sequence and parameters were selected to 239 assess the presence of metabolites of interest and their mobility, essentially using T2-240 filtered (CPMG) 1D experiments recorded with relaxation times of 2 and 60 ms. Low 241 power presaturation during the interscan delay of 3 s was applied for water suppression.
242
Typically, 256 scans were accumulated using a spectral width of 20 ppm, and the total 243 acquisition time per spectrum was 13 min.
244
The spectra were processed using MestReNova version 8.1 software (Mestrelab 245 Research, Santiago de Compostela, Spain) and all free induction decays were processed 246 with exponential multiplication (0.5 Hz line-broadening) prior to Fourier 247 transformation, followed by baseline correction. The chemical shifts were referenced as 248 follows: a small amount (5 mL) of 10 mM DSS in D 2 O was added to one sample of 249 intact cells and referenced to DSS = 0 ppm, after which all the spectra were processed 250 identically and aligned (using the creatine methyl resonance at 3.026 ppm) with respect 251 to the sample with added DSS. Of the various methods to estimate or measure the 252 intensity of NMR signals [43], we compared peak intensity ratios using the methyl 253 signal of creatine as an internal reference. Creatine is commonly used as an internal 254 concentration reference for in vivo H-1 NMR because its concentration correlates with 255 the number of metabolically active cells and it can be used as a measure of viable cell 256 number [44] . Cells were washed (three times) with a deuterated PB solution, 10 centrifuged, and the cell pellet was frozen in liquid nitrogen and stored at -80 ºC.
258
Typically, approximately 60 µL of the cell pellet was placed into a 4 mm Ø zirconia 259 rotor for each sample. 
RESULTS
270
Changes in the intrinsic properties of OPCs with aging 271
The intrinsic properties and metabolic pathways of murine OPCs isolated from the 272 cerebral cortex were assessed at different ages (P0, P15 and P60). For the first time, we 273 assessed these changes using H-1 high-resolution (HR)-magic angle spinning (MAS) 274 NMR spectroscopy, which allows a large number of metabolites or small molecules in 275 the cytoplasm to be systematically evaluated and their interaction with the local 276 environment probed [45] [46] [47] . This approach may therefore provide valuable information 277 on cellular physico-chemical characteristics that may be correlated with cellular 278 processes of interest. We obtained 3 spectra for each group of OPCs, with two different 279 echo-times TE ("T2 filters T2": 2, 10 and 60 ms), analyzing differences in signal 280 intensities of peaks associated to the metabolites present in intact OPCs (see Table 2 , 281 Fig.1a ). If we compared the proton spectra corresponding to P0, P15 and P60, for a 282 given T 2 -filter (TE), we could see that there were not large differences between ages 283 (Fig.1b) . However, at TE of 60 ms, a relative increase in most peak intensities at P15 is 284 observed (Fig 1c-d) . At long echo times (TE: 60 ms), the intensity of the peaks 285 associated to macromolecules or molecules with low mobility decreases (i.e., molecules 286 bound to membranes or intracellular structures). It is remarkable that one the most 287 significant (p < 0.05) signal change corresponds to myo-inositol, a metabolite known to 288 be present in cell cytoplasm. Signal intensities depend on their T 2 relaxation time, which 289 is directly related to the molecular mobility in the cytoplasm. The higher metabolite 290 mobility at P15 suggests a lower viscosity in the cytoplasm and low interaction between 291 metabolites and the cytoskeleton, which as shown later, are associated with a decreased 292 in the migratory capability and a decrease proliferation rate. These results indicate that 293 OPCs isolated at P15 display intrinsic differences to those isolated at P0 or P60.
294
Since the differences in the metabolic patterns may give rise to differences in other 295 aspects of OPC behaviour, such as proliferation and migration, it was not surprising that 296 the rate of proliferation was significantly higher at P0 and lowest at P15 (Fig. 2a ).
297
Notably, OPCs isolated from adults (P60) proliferated at an intermediate rate (Fig. 2a) 298 and in general, there was a significant decrease in the migratory capacities of OPCs with 299 age (Fig. 2b) . This was corroborated by video time-lapse analysis, where P15 (the 300 slowest) and P60 OPCs migrated slower than perinatal OPCs (Fig. 2c) . Moreover, P60 OPCs stopped least often during their migration ( 
